The aim of this randomized, controlled trial was to test the efficacy of asthma education combined with medication adherence feedback intervention and an asthma education intervention alone in reducing ED visits, compared with UC among inner-city children with asthma. abstract OBJECTIVE: We evaluated the longitudinal effects of home-based asthma education combined with medication adherence feedback (adherence monitoring with feedback [AMF]) and asthma education alone (asthma basic care [ABC]) on asthma outcomes, relative to a usualcare (UC) control group.
Asthma is the leading chronic illness among children in the United States. Low-income, minority children have disproportionately higher prevalence, morbidity, and mortality from asthma. 1, 2 Research suggests that inappropriate asthma management practices among low-income patients, including overreliance on emergency care and poor adherence with therapy, are important contributing behavioral factors. 3 Poor adherence contributes to increased asthma morbidity and mortality 4 and is associated with increased health care use and costs and decreased treatment effectiveness. [5] [6] [7] Studies suggest that medication adherence with preventive therapies is ϳ50% for children with asthma, 8 with minority children at particular risk for nonadherence. 9 Previous interventions aimed at improving asthma self-management among minority children have produced mixed results, with some reporting decreased symptoms 10, 11 and emergency department (ED) visits and hospitalizations 12, 13 and others reporting minimal intervention effects. 14, 15 Feedback of electronically monitored adherence shows promise as a strategy to increase medication adherence in adults with asthma 16 and HIV. 17 Onyirimba et al 16 found that feedback of objectively measured adherence resulted in adherence of Ͼ70% in the intervention group compared with Ͻ50% in the control group. Feedback resulted in improvements in adherence among inner-city children with asthma in a pilot study 18 ; however, no randomized, controlled trial has evaluated the effects of this adherence promotion strategy among inner-city children with asthma.
The aim of this randomized, controlled trial was to test the efficacy of asthma education combined with a medication adherence feedback intervention (adherence monitoring with feedback [AMF] ) and an asthma education intervention alone (asthma basic care [ABC] ) in reducing ED visits, compared with usual care (UC) among inner-city children with asthma. Secondary outcomes included asthma medication adherence, asthma symptom frequency, hospitalizations, and courses of oral steroids. We further hypothesized that the improvement in asthma morbidity and adherence would be significantly greater for children who were randomly assigned to the AMF intervention than for children in the ABC group.
METHODS

Study Design
This randomized, 3-arm, parallelgroup, controlled trial was reviewed and approved by the Johns Hopkins Medical Institutions institutional review board. Written informed consent was obtained from the child's primary caregiver. To mask staff to group assignment during recruitment, the statistician created block randomization schema and placed the randomization assignments into sealed envelopes, which were opened after families completed baseline surveys. All participants were contacted for follow-up surveys at 6, 12, and 18 months after randomization. Trained research assistants who were blinded to study assignments conducted surveys by telephone. Pharmacy refill data were requested at baseline and 12 months from all pharmacies identified by the caregiver.
Participants
Children with asthma were recruited from the pediatric ED by weekly review of discharge records between 2001 and 2003. Children were eligible for randomization when they were between 2 and 12 years of age, had physician-diagnosed asthma, had 2 ED visits or 1 hospitalization for asthma in the preceding year, resided in Baltimore city, and were prescribed an asthma controller medication. Several attempts were made to contact all potentially eligible participants by telephone, with at least 10 attempts made at varying times and days.
Intervention Description*
UC Group
Participants who were randomly assigned to the UC group received an asthma education booklet and resource guide that provided information about low-cost asthma care providers, social services, legal services, and other resources. Regardless of group assignment, participants were regularly encouraged to receive care from their primary care provider.
ABC Intervention
Families who were randomly assigned to the ABC intervention received five 30-to 45-minute home visits by trained asthma educators (AEs) 1, 2, 3, 4, and 8 weeks after randomization. The ABC intervention is a home-based asthma education program with 5 core components: (1) review of the prescribed asthma regimen and training in medication, spacer, and peak flow technique; (2) development of an asthma action plan; (3) identification of barriers to accessing health care and problem solving to reduce barriers; (4) discussion of beliefs and concerns about asthma and medications; and (5) provision of written asthma education materials.
AMF Intervention
Families who were randomly assigned to the AMF intervention received home visits by AEs at the schedule described in the previous section. AMF contains the ABC content plus the following: 2. Goal-setting: Families were encouraged to set asthma control goals (eg, no coughing at night) and weekly adherence goals. The AEs assisted families in setting age-appropriate expectations regarding the child's ability to self-manage asthma.
3. Reinforcement for attaining adherence goals: The importance of positive reinforcement, such as verbal praise and low-cost rewards, was discussed with the caregiver. When the child attained the adherence goal, the AE provided a small reward (eg, crayons). When it was not achieved, the AE worked with the family to identify barriers and taught problem-solving skills.
4. Strategies for self-monitoring medication use: Families were taught to monitor adherence and asthma symptoms by using behavioral charts and symptom diaries. When possible, the AE highlighted the relationship between improvements in adherence and asthma outcomes.
Measures
Self-reported Adherence
Caregivers reported how the child administered the medication (eg, 2 puffs twice a day), then estimated how often the child missed doses in the previous 7 days. Percentage self-reported adherence was calculated as use/prescribed use ϫ 100%.
Pharmacy-based Adherence
By using a protocol described by Butz et al, 19 the number of inhaled corticosteroid (ICS) refills per quarter was abstracted from pharmacy records for the year before and after randomization. The number of canisters dispensed was converted to therapeutically equivalent values so that 1 canister represented a 1-month supply of ICS. 20, 21 The quarterly ICS refill rates were defined as the number of ICS canisters dispensed quarterly. These analyses included the quarter before enrollment (the baseline value) through the fourth quarter after randomization. An ICS refill rate of 3.0 is equivalent to 100% adherence for the quarter.
Asthma Morbidity Measures
Caregiver reports of asthma symptoms (cough, wheeze, shortness of breath, or chest tightness/discomfort), nighttime awakenings, ED visits, hospitalizations, and courses of oral corticosteroids in the previous 6 months were collected. Total numbers of days and nights (combining day and night symptoms) were calculated for each child with a range of 0 to 60 for day or night symptom counts reported during the previous 30 days for an asthma symptom frequency variable. 22, 23 
Statistical Analyses
Baseline characteristics were compared across the groups. Intent-totreat analyses were conducted to compare each intervention group with the UC group at each time point for outcome measures. Hierarchical Linear Modeling (HLM 6; Lincolnwood, IL) was used to estimate average trajectories and group differences in trajectories for the asthma outcomes during the 18-month period while adjusting for insurance type and baseline level of each asthma outcome. For each outcome, the individual intercept (the adjusted mean at the baseline assessment) and linear time slope (the rate of change over time) were estimated as level 1 parameters. Dummy-coded interven- 
RESULTS
Sample Characteristics
Of the 414 families who consented to participate, 377 (91%) completed the baseline questionnaire and 250 were randomly assigned to the UC, ABC, or AMF groups (Fig 1) . The remaining 127 were excluded because they were not prescribed asthma controller medications. A total of 216 (86%) of 250 children had valid and complete pharmacy records available. Because only 61 (24%) of 250 children were on leukotriene modifiers and 44 (72%) of 61 were on both ICS and leukotriene modifiers, only ICS adherence data are presented; children who were on only leukotriene modifiers were removed from additional adherence analyses. Children who were on leukotriene modifiers only (n ϭ 17) were more likely to be male (P ϭ .005) and less likely to be on Medicaid (P ϭ .011). Of the participants who were randomly assigned to the ABC or AMF interventions, 112 (67%) completed all 5 visits, with no differences in the average number of visits completed (ABC: 4.0 visits; AMF: 3.8 visits). Participants who completed all follow-up surveys (82%) reported more baseline ED visits than those who did not (P ϭ .008) but were similar on all other baseline characteristics. Table 1 presents the baseline demographic characteristics: ABC, AMF, and UC groups did not differ on demographic characteristics, except that more UC participants reported having Medicaid than did the ABC group (P ϭ .001). Thus, the dummy-coded insurance type (1 ϭ Medicaid, 0 ϭ all others) was included as a covariate in all subsequent analyses. Self-reported adherence to ICS therapy was high throughout (average adherence of Ͼ80%; Table 2 ) and did not change significantly over time. In contrast, pharmacy-based ICS adherence was low, with the average quarterly ICS refill rate of Ͻ1 at all assessments, suggesting that children obtained less than one third of the expected number of refills (Table 2 ). Only 3.2% participants refilled Ն80% of their ICS medication for the year after randomization. See Table 3 for health-outcomes data.
General Time Trends for All Groups
Overall, children in all 3 groups demonstrated statistically significant improvements on all asthma morbidity outcomes (Tables 2 and 3, and Figs 2  and 3 ). There was a curvilinear reduction in ED visits across groups, with a 33% decrease in ED visits every 6 months (P Ͻ .001; Fig 3B) and a quarterly ICS refill rate increase of 16% every 3 months (P ϭ .05; Fig 2) . Because of lack of change over time, we were unable to model self-reported ICS adherence. To account for seasonal fluctuations in morbidity, we included dummycoded seasons as a covariate. Season did not account for the variability in outcomes or change the within-person model estimates; therefore, it was excluded from the final analyses.
Comparison of the AMF With the UC Group
To test our primary hypothesis, we compared the longitudinal trajectories of our primary outcome (ED visits) and secondary outcomes (ICS adherence, asthma symptom frequency, hospitalizations, and oral steroid use) for each intervention group with those for the UC group. ED visits decreased faster for the AMF than for the UC group, with a 15% greater decrease in the number of ED visits per 6 months (P ϭ .02; Table 4 ). ICS refill rates increased 52% faster for the AMF than for the UC group per quarter (P ϭ .03) but slowed by 9% per quarter (P ϭ .03). Oral corticosteroid use decreased 13% more in the AMF than in the UC group (P ϭ .06); however, the trajectories of asthma symptom frequency and hospitalizations did not differ between the 2 groups.
Comparison of the ABC With the UC Group
The rate of reduction in ED visits did not differ between the ABC and UC groups (P ϭ .25; Table 4 ). Improvement in asthma symptom frequency was faster for the ABC than for the UC group, with 2.90 fewer asthma symptoms every 6 months, but the rate of reduction decreased over time (P Ͻ .001 for linear slope and P ϭ .004 for quadratic slope). Similarly, the courses of oral corticosteroids in the ABC group decreased 20% more than in the UC group (P ϭ .006) every 6 months; however, the change in hospitalizations and ICS refill rates did not differ between the 2 groups.
Comparison of the AMF With the ABC Group
Identical sets of analyses were repeated comparing AMF and ABC (as reference group); no significant differences in their trajectories were found for any of the outcomes (Table 4) .
Comparison of Combined Intervention Groups With the UC Group
The analyses were repeated comparing the combined intervention (ABC and AMF) and UC groups to examine the aggregate effect of receiving any intervention. ED visits (P ϭ .03) and courses of oral steroids (P ϭ .008) decreased faster for the combined intervention groups than for the UC group (12% and 17% greater decrease per 6 months, respectively). ICS refill rates increased faster for the combined intervention groups than for the UC group (P ϭ .03), but the rate decreased over time (P ϭ .05). The combined intervention groups and the UC group did not differ on asthma symptom frequency or hospitalizations (Table 4) .
DISCUSSION
In this randomized, controlled trial, we tested the efficacy of 2 asthma education interventions for children of innercity families in reducing the number of ED visits and secondary outcomes of medication adherence, asthma symptoms, hospitalizations, and courses of oral steroids. Although we found that home-based asthma education with and without objective feedback of medication adherence data compared with a UC control condition resulted in significant improvements in selected asthma outcomes, these results were inconsistent across outcome measures. Although the number of oral corticosteroid courses decreased in both intervention groups, only the AMF intervention resulted in a significant decrease in the rate of ED visits and improvement in ICS refill rates; however, only the ABC group demonstrated improvements in asthma symptoms. Furthermore, no significant differences were evident in any outcome between the AMF and ABC groups. Thus, although both home-based interventions showed significant benefit for select asthma outcomes, our findings do not support using AMF in asthma education over providing asthma education alone for improving asthma symptoms or urgent care use. Our results are consistent with a recent metaanalysis that found that asthma education, although a necessary part of asthma care, does not affect all outcomes equally. 24 Both interventions emphasized medication adherence to improve asthma control; however, the AMF group received behavioral shaping (feedback and positive reinforcement) specifically targeting adherence. Although we did observe short-term improvements in pharmacy-based ICS adherence in the AMF intervention, overall adherence remained low and improvement was short- lived. In the AMF group, the rate of increase in ICS refills peaked at 40% (1.2 canisters per quarter) during active intervention; however, when feedback and reinforcement were removed, the behavior change did not generalize and medication adherence declined to 19% (0.58 canisters per quarter) by 12 months. Previous smaller scale studies that provided feedback found similar changes in adherence during active interventions but did not include longer term follow-up assessment once the intervention was withdrawn. 16, 18 That most participants in this study, regardless of group assignment, had markedly low ICS refill adherence, even during active intervention, may account for the modest improvement in symptoms and health care use that we observed.
The presence of the UC control group allowed us to document the change in asthma outcomes after an ED visit absent any additional intervention. As is common in studies that target populations with high morbidity, we found statistically significant improvement on all health and use outcomes during the course of the study across all groups. 14 This observation has implications for future asthma intervention research. First, studies should be powered to evaluate the efficacy of interventions beyond clinical improvements that are likely to occur naturally over time or are the result of UC. Second, researchers should be cautious in concluding that an intervention is efficacious when using a pre-post study design or when findings show that Ն2 active-intervention groups show the same degree of improvement. Without a UC group, it is difficult to determine whether benefits are attributable to intervention effect, usual medical care, regression to the mean, or secular time trends. Absent the UC group, we may have concluded inaccurately that both interventions resulted in dramatic improvements compared with baseline.
This study targeted inner-city children who were at high risk for poor asthma outcomes. Inner-city families are often faced with economic stress, poverty, and violence in their neighborhoods, as well as higher prevalence of environmental asthma triggers. 21, 25, 26 It is likely that the brevity of our intervention plus the focus on medication adherence did not match the complex life circumstances of these families. In such an environment, resolution of impeding crises often supersedes undertaking preventive approaches to manage children's asthma; therefore, the modest changes in asthma outcomes may be attributable to the discordance between the interventions and the complex and competing needs of these families. Improvements in adherence were seen only during active intervention, suggesting that longer term interventions may lead to more sustainable change.
Finally, this is 1 of the first studies to use hierarchical linear and nonlinear modeling to compare the rates of changes in asthma outcomes. Given that asthma is cyclical, with symptoms and morbidity fluctuating over time, our ability to model curvilinear changes during the follow-up period is critical. Because of estimation methods used in hierarchical modeling, participants with more data contribute more to the parameter estimates than those with missing data, resulting in less bias than pairwise or listwise deletion methods.
Despite these methodologic strengths, our findings should be considered in light of their limitations. We did not use Bonferroni correction for interpreting the outcomes; as a result, we may risk committing type I error. We did not use electronic monitors as an objective measure of adherence, because they were used for AMF. Prescription records do indicate drug availability and are reliable sources of drug exposure 27 but do not show adherence patterns. We depended on caregiver report of health care use; however several studies have found it to be accurate. 28, 29 Furthermore, despite our success in screening, recruiting, and retaining participants, we enrolled only a subset of all eligible patients and were unable to collect data on nonparticipants to assess the generalizability of our results to the larger population. Finally, although we found modest improvements in asthma outcomes, we did not collect information that would have permitted evaluation of the costeffectiveness of the interventions.
CONCLUSIONS
Our findings support previous research that suggests that any homebased educational intervention as a supplement to UC leads to modest short-term improvements in asthma outcomes and adherence among inner-city children 24 ; however, we did not find support for the superior effects of asthma education plus AMF compared with asthma education alone. Additional studies with more intensive interventions (eg, ongoing case management combined with asthma education and adherence-promoting interventions) may be required to effect sustainable changes in asthma outcomes in this high-risk population.
